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THE USB OP LOGARITHMS

It is not intended in the following pages to discuss the mathematical

principles on which logarithms and expressions containing logarithms

are based, but simply to impart a working knowledge of the use of

logarithms, so that practical men, unfamiliar with this means for

eliminating much of the work ordinarily required in long and cumber-

some calculations, may be able to make advantageous use of the tables

of logarithms given in the latter part of the book.

The object of logarithms is to facilitate and shorten calculations

involving multiplication, division,
x

the extraction of roots, and the

obtaining of powers of numbers, as will be explained later; but ordin-

ary logarithms cannot be applied to operations involving addition and

subtraction. Before entering directly upon the subject of the use of

logarithms in carrying out the various classes of calculations men-

tioned, it will be necessary to deal with the question of how to find

the logarithm of a given number from the tables; or, if the logarithm

is given, how to find the corresponding number.

A logarithm consists of two parts, a whole number and a decimal.

The whole number, which may be either a positive or a negative num-

ber,* or zero, according to the rules which will be given in the follow-

ing, is called the characteristic; the decimal is called the mantissa.

The decimal or mantissa only is given in the tables of logarithms on

pages 18 to 35, inclusive, and is always positive. The logarithm of 350,

for example is 2.54407. Here "2" is the characteristic, and "54407" is

the mantissa, this latter being found from the table on page 23.

Rules for Finding- the Characteristic

The characteristic is not given in the tables of logarithms, due

partly to the fact that it can so easily be determined without the aid

of tables, and partly because the tables, so to say, are universal when
the characteristic is left out.

For 1 and all numbers greater than 1 the characteristic is one less

than the number of places to the left of the decimal point in the given
number.

The characteristic of the logarithm of 237, therefore, is 2, because

2 is one less than the number of figures in 237. The characteristic

of the logarithm of 237.26 is also 2, because it is only the number of

figures to the left of the decimal point that is considered.

The characteristic of the logarithm of 7 is 0, because is one less

* See MACHINERY'S Reference Series No. 54, Solution of Triangles, Chapter
III, Positive and Negative Quantities.

347608
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than 1, which is the number of places in the given number. Below
are given several numbers with the characteristics of their logarithms:

Characteristic of
Number Logarithm

31 1

3163 3

229.634 2

1,112,352.62 6

1000 3

100 2

1

For numbers smaller than 1, that is, for numbers wholly decimal,

the characteristic is negative, and its numerical value is one more
tJian the number of ciphers between the decimal point and the first

decimal which is not a cipher.

The numerical value of the characteristic of the logarithm of 0.036,

therefore, is 2; being negative it is 2. Instead of writing the minus

sign ( ) in front of or before the figure ( 2), it is, however, written

over the figure ( 2 ) This method is used because the minus sign

refers only to the characteristic, and not to the mantissa, this latter

always being positive. In the same way, the characteristic of the

logarithm of 0.36 is I ; and the characteristic of the logarithm of

0.0006 is i. Below are given several examples :

Characteristic of
Number Logarithm
0.00.00275 5

0.3 I

0.375 T

0.000812 4

0.01234 5

Finding1 the Logarithms of Numbers

After the characteristic has been found by the rules just given, the

mantissa must be found from the tables of logarithms. When finding

the mantissa the decimal point is entirely disregarded. The mantissa

of the logarithms of 2716, 271.6, 27.16, 2.716, or 0.02716, for example,
is the same; it is only necessary to find the given figures in the tables,

irrespective of the location of the decimal point.

Referring now to the tables on pages 18 to 35, it will be seen that

numbers from 100 to 1,000 are given in the left-hand column. In

addition, at the top of the tables, are figures from to 9, each heading
a column of logarithms. These additional figures make it possible to

obtain directly from the tables the logarithms for all numbers with

four figures or less. The body of the tables gives the mantissa of the

logarithms.

While the tables do not give directly the mantissa of logarithms of

numbers with more than four figures, it is possible to approximate
the logarithm for numbers with a greater number of figures by methods

which will be explained later. At present, when the logarithm is

required for numbers with five or more figures, we will assume that
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for practical results it is accurate enough to find the mantissa of the

logarithm of the first four figures of the number, remembering, of

course, that if the fifth figure is more than 5, then the fourth figure

should be increased by one unit.

To find the logarithm of a number from the tables, first locate the

three first figures of the number for which the logarithm is required
in the left-hand column, and then find the fourth figure at the top of

the columns of the page. Then follow the column down from this last

figure until opposite the three first figures in the left-hand column.
The figure thus found in the body of the table is the mantissa of the

logarithm, the characteristic having already been found by the rules

previously given.

If the number of which the logarithm is required does not contain

four figures, annex ciphers to the right so as to obtain four figures.

If the mantissa of the logarithm of 6 is required, for example, find

the mantissa for 6,000. The mantissa is the same for 6, 0.6, 0.06, 60,

600, 6,000, etc., as already explained. The difference in the logarithm
is taken care of by the change of characteristic for these various
values. In order to save space in the tables, it will be seen by
referring to them that the first two figures of the mantissa have been

given in the first columns of logarithms only, the 0-column. These
two figures should, however, always precede the three figures given
in each of the following columns.

A few examples will now make the use of the tables clearer.

Example 1. Find the logarithm of 1852.

Following the rule already given, locate 185 in the left-hand column
of the tables (it will be found on page 19), and then following down-
ward the column headed "2" at the top of the page, find the required
mantissa opposite 185. It will be seen that the mantissa is .26764,*

the figures 26 being found in the column under "0" and prefixed to

the figures 764 found directly in the column under "2." The charac-

teristic of the logarithm, according to the rules previously given, is 3.

Hence the logarithm of 1852, or, as it is commonly written, log 1852

3.26764.

Example 2. Find log 1.852.

As the figures in this number are the same as in that given in ex-

ample 1, the mantissa remains the same; but the characteristic is 0.

Therefore, the required logarithm, or log 1.852 = 0.26764.

Example 3. Find log 93.14.

Locate 931 in the left-hand column of the tables (page 34), and
then following downward the column headed "4" at the top of the

page, find the required mantissa opposite 931. It will be found that

the mantissa is .96914. The characteristic is 1. Hence log 93.14

= 1.96914.

Example 4. Find log 4.576.

Find as before the last three figures of the mantissa opposite 457

* All the mantissas, or the numbers in the tables, are decimals, and the
decimal point has, therefore, been omitted entirely, since no confusion could
arise from this; but it should always be put before the figures of the mantissa
as soon as taken from the table. The practice of eliminating the decimal point
from the tables is common to all logarithmic tables.
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in the left-hand column, and in the column under "6" at the top of

the page. The figures are ^049. The sign # indicates that the two

figures to be prefixed are not 65, as would ordinarily be the case,

but 66, or the figures given in the next following line in the 0-column.

This rule should always be borne in mind. Hence, log 4.576 = 0.66049.

Example 5. Find log 72.

To find the mantissa, proceed as if it were to be found for 7200.

This we find from the tables to be .85733. The characteristic of the

logarithm of 72 is 1. Hence log 72 = 1.85733.

Example 6. Find log 0.007631.

To find the mantissa, proceed as if it were to be found for 7631.

This we find from the tables to be .88258. The characteristic is 3,

according to the rule given for characteristics of logarithms of num-
bers less than 1. Hence, log 0.007631 = 3-88258. i

Example 7. Find log 37,262.

While we will later explain how to find more exactly the mantissa

for a number with five figures, at present we may consider it accurate

enough for our purpose to find the mantissa for four figures, or for

3726. This is .57124. The characteristic of the logarithm of 37,262 is

4. Hence log 37,262 = 4.57124. This, of course, is only an approxima-

tion, but is near enough for nearly all shop and general engineer-

ing calculations.

If the given number had been 37,267 instead of 37,262, the logarithm
should have been found for 3727, as the fourth figure then should

have been increased by 1, when dropping the fifth figure, which is

larger than o.

Below are given several examples of numbers with their logarithms.

A careful study of these examples, the student finding the logarithms

for himself from the tables, and checking them with the results given,

will tend to make the methods employed clearer and fix them in the

mincl.
Number Logarithm
16.95 1.22917

2 0.30103

966.2 2.98507

151 2.17898

3.5671 0.55230

12.91 1.11093

3803.8 3.58024 /^
0.007 3.84510

It should be understood that in logarithms of numbers less than 1,

the characteristic, only, is negative. The mantissa is always positive,

so that 3.84510 actually means ( 3) + 0.84510.

Finding the Number whose Logarithm is Given

When a logarithm is given, and it is^ required to find the corres-

ponding number, first find the first two figures of the mantissa in the

column headed "0" in the tables. Then find in the group of mantissas,

all having the same first two figures, the remaining three figures.
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These may be in any of the columns headed "0" to "9." The number
heading the column in which the last three figures of the mantissa
were found, is the last figure in the number sought, and the number
in the left-hand column, headed "N," in line with the figures of the

mantissa, gives the three first figures in the number sought.

,When the actual figures in the number sought have thus been deter-

mined, locate the decimal point according to the rules given for the

characteristic of logarithms. If the characteristic is greater than 3,

ciphers are added. For example, if the figures corresponding to a
certain mantissa are 3765, and the characteristic is 5, then the num-
ber sought must have 6 figures to the left of the decimal point, and ^ \n

hence would be 376500. If the characteristic had been 3, then the *
--

number sought, in this case, would have been 0.003765.

If the mantissa is not exactly obtainable in the tables, find the near- v(

est mantissa in the table to the one given, and determine the number
corresponding to this. In most cases this gives ample accuracy. A
method will be explained later whereby still greater accuracy may be

obtained, but for the present it will be assumed that the numbers

corresponding to the nearest mantissa in the tables are accurate

enough for practical purposes.
A few examples will now be given in which it is required to find

the number when the logarithm is given.

Example 1. Find the number whose logarithm is 3.89382.

First find the
firs.t

two figures of the mantissa (89) in the column
headed "0" in the tables. Then find the remaining three figures (382)

in the mantissas which all have 89 for their first two figures. The

figures "382^ are found in the column headed "1," which thus is the

last figure in the number sought; the figures "382" are also opposite

the number 783 in the left-hand column, which gives the first three

figures in the number sought. The figures in this number, thus, are

7831, and as the characteristic is 3, it indicates that there are four

figures to the left of the decimal point, or, in other words, that 7831 is

a whole number.

Example 2. Find the number whose logarithm is 2.75020.

First find the first two figures of the mantissa (75) in the column
head "0" in the tables. Then find the remaining three figures (020)

in the mantissas, which all have 75 for their first two figures. The

# in front of the figure ^020 in the line next above that in which 75

was found indicates that these figures belong to the group preceded

by 75. Therefore, as ^.020 is found in the column headed "6" and

opposite the number 562 in the left-hand column, the figures in the

number required to be found are 5626. As the characteristic is 2,

the decimal point is placed after the first three figures, and, hence,

the number whose logarithm is 2.75020 is 562.6.

Example 3. Find the number whose logarithm is 2.45350.

After having located 45 iif the column headed "0," it will be found

that the last three figures (350) of the mantissa are not to be found

in the table in the group preceded by 45. The nearest value in the

table, which is 347, is, therefore, located, and the corresponding num-
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ber is found to be 284.1, the decimal point being placed after the third

figure, because the characteristic of the logarithm is 2. Had the char-

acteristic of the logarithm been 5 instead of 2, the number to be feund
would have been 284,100.

Below are given a selection of examples of logarithms with
tbybir

corresponding numbers. The student should find the numbers/for
himself from the tables, and check them with the results "given.
This will aid in fixing the rules and methods employed more firmly in

the mind.

Corresponding
Logarithm Number
1.43201 27.04

4.89170 77,930

2.76057 0.05762

0.12096 1.321

2.99099 979.5

T.60206 0.4

5.60206 400,000

It being now assumed that the student has mastered the methods
for finding the logarithms for given numbers, and the numbers for

given logarithms, from the tables, the use of logarithms in multipli
cation and division will next be explained.

Multiplication by Logarithms

// two or more numbers are to be multiplied' together, find the

logarithms of the numbers to be multiplied, and then add these

logarithms; the sum is the logarithm of the product, and the numbed
corresponding to this logarithm is the required product.

Example 1. Find the product of 2831 X 2.692 X 29.69 X 19.4.

This calculation is carried out by means of logarithms as follows:

log 2831. =3.45194

log 2.692= 0.43008

log 29.69 =1.47261

log 19.4 =1.28780

6.64243

The sum of the logarithms, 6.64243, is the logarithm of the product,

and from the tables we then find that the product equals 4.390,000.

This result is, of course, only approximately correct, at the last three

figures are added ciphers; but for most engineering calculations the

result would give all the accuracy required. In most engineering

calculations one or more factors are assumed from experimental

values, and as these assumed values evidently must often vary be-

tween wide limits, it would show lack of judgment to require calcula-

tions in which such assumed values enter, to be carried out with too

many "significant" figures. Such values are fully as well expressed

in round numbers, with ciphers annexed to give the required value

to the figures found from the tables.

If one or more of the characteristics of the logarithms are negative,

these are subtracted instead of added to the sum of the character-
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istics. The mantissas, as already mentioned, are always positive,

so that they are always added in the usual manner. In order to

fully understand the adding of positive and negative numbers in the

following examples, the student should be* familiar with calculations

with positive and negative quantities, as explained in MACHINERY'S.

Reference Series No. 54, Solution of Triangles, Chapter III.

Example 2. Find the product 371.2 X 0.0972 X 3.

log 371.2 =2.56961

log 0.0972=2.98767 7. *>

log 3. = 0.47712

2.03440

The number corresponding to the logarithm 2.03440 is 108.2. Note

that the first two figures of the mantissa of the logarithm are 03.

Example 3. Find the product 12.76 X 0.012 X 0.6.

log 12.76 =1.10585

log 0.012=2.07918 7
log 0.6 =1.77815

"

2.96318

The product, hence, is 0.09187.

Division by Logarithms

When dividing one number by another, the logarithm of the divisor

is subtracted from the logarithm of the dividend. The remainder is

the logarithm of the quotient.

For example, if we are to find the quotient of 7568 -r- 935.3, we first

find log 7568 and then subtract from it log 935.3. The remainder

is then the logarithm of the quotient.

It is advisable, however, to make a modification, as explained in

the following, of the logarithm of the divisor so as to permit of its

addition to, instead of its subtraction from the logarithm of the divi-

dend. Assume, for instance, that an example, as below, were given:

375.2 X 97.2 X 0.0762 X 3

962.1 X 92 X 33.26

It would be perfectly correct to find the logarithms of all the fac-

tors in the numerator and add them together, and then the logarithms
of all the factors in the denominator and add them together; and

finally subtract the sum of the logarithms of the denominator from
the sum of the logarithms of the numerator. The remainder is the

logarithm of the result of the calculation. This method, however,
involves two separate additions and one subtraction. It is possible, by
a modification of the logarithms of the numbers in the denominator
to so arrange the calculation that a single addition will give the

logarithm of the final result.

In dealing with positive and negative numbers we learn that if

we add a negative number to a positive number, the sum will be

the same as if we subtract the numerical value of the negative
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number from the positive number; that is 5 -f- ( 2) = 5 2 = 3.

If we reverse this proposition ve have 5 2 = 5 -f ( 2). If we
now assume that 5 is the logarithm of a certain number a and 2 the

logarithm of another number Z>, and if we insert these values in the

last expression, instead of 5 and 2, we have:

log a log 6 = log a 4- ( log &).

From this we see that instead of subtracting log & from log a we
can add the negative value of log 6 and obtain the same result. As
the mantissa always must remain positive, in order to permit direct

addition, the negative value of the logarithm cannot be obtained

by simply placing a minus sign before it. Instead, it is obtained in

the following manner:
If the characteristic is positive, add 1 to its numerical value and

place a minus sign over it. To obtain the mantissa, subtract the

given mantissa from 1.00000.

Example 1. The logarithm of 950 = 2.97772. Find ( log 950).

According to the rule given, the characteristic will be 3. The man-
tissa will be 1.00000 .97772 = .02228. The last calculation can be

carried out mentally without writing it down at all, by simply finding

the figure which, added to the last figure in the given mantissa would

make the sum 10, and the figures which added to each of the other

figures in the mantissa, would make the sum 9. as shown below:

9777202228
9 9 9 9 10

As this calculation is easily carried out mentally, the method

described, when fully mastered, greatly simplifies the vrork where

operations of both multiplication and division are to be performed in

the same example.

Example 2. The logarithm of 2 is 0.30103. Find ( log 2).

According to the given rules the characteristic is T, and the

mantissa, .69897.

The following examples should be studied until thoroughly under-

stood:

log 270. =2.43136 - log 270. =3.56864

log 10. =1.00000 log 10. = T.OOOOO

log 26.99 =1.43120 - log 26.99
"= 5.56880

In the example in the second line an exception from the rule for

obtaining the mantissa of the negative logarithm is made. It is

obvious, however, that if log 10 = 1.00000, then ( log 10) =
T.OOOOO. In the example in the last line there is another deviation

from the literal understanding of the rule for the mantissa. As the

last figure in the positive logarithm is 0, the last figure in ( log

26.99) is also 0, and the next last figure is treated as if it were the

last, making the next last figure in the negative logarithm 8.
,

If the characteristic of the logarithm is negative, subtract 1

its numerical value, and make it positive. The mantissa is obtained

by the same rule as before.



METHODS. RULES AND EXAMPLES 11

Example 1. The logarithm of 0.003 = 3.47712. Find ( log 0.003).

According to the rule just given the characteristic will be 2. The
mantissa will be .52288. Hence ( log 0.003) = 2.52288.

The following examples should be studied until fully understood:

log 0.3 T.47712 log 0.3 =0.52288
log 0.0006963=3.84280 -log 0.0006963 =3.15720
log 0.6607 = 1.82000 log 0.6607 =0.18000

When sufficient practice has been obtained, the negative value of

a logarithm can be read off almost as quickly from the tables as the

positive value given, and the subsequent gain of time, and the ease of

the calculations following, more than justify this short-cut method.

Examples of the Use of Logarithms

We will now give a number of examples of the use of logarithms in

calculations involving multiplication and division. No comments
will be made, as it is assumed that the student has now grasped the

principles sufficiently to be able to follow the methods used without
further explanation.

Example 1.

0.0272 X 27.1 X 12.6.

2.371 X ,0.007

log 0.0272 = 2.43457

log 27.1 =1.43297
12.6 =1.10037
2.371 =T.2507
0.007 =2.15490

log

log

log

2.74788
The result, then, is 559.6.

Example 2.

0.3752 X 0.063 X 0.012

0.092 X 1289

log 0.3752= T.57426

log 0.063 =2.79934
log 0.012 =5.07918

-log 0.092 =1.03621
log 1289.0 =4.88975

The result, then, is 0.000002392.

Example 3.

6.37874

3.463 X 1.056 X 14.7 X 144 X 10

log

log

log

log

log

The result, then, is 77,410.

3.463 = 0.53945

1.056= 0.02366

14.7 =i:i6732
144.0

10.0

= 2'.15836

= 1.00000

4.88879
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Example 4.

0.00005427 X 392 X 2.5 X 200 X 200

log 0.00005427= 5.73456

log 392. 2.59329

log 2.5 =0.39794

log 200. =2.30103

log 200. =2.30103

3.32785

Hence, the result is 2127.

Obtaining: the Powers of Numbers

Expressions of the form 6.513 can easily be calculated by means of

logarithms. The small (
3
) is called exponent.* In this case the

"third power" of 6.51 is required.

A number may be raised to any power by simply multiplying the

logarithm of the number by the exponent of the number. The product

gives the logarithm of the value of the power.

Example 1. Find the value of 6.51s
.

log 6.51= 0.81358

3 X 0.81358= 2.44074

The logarithm 2.44074 is then the logarithm of 6.51 3
. Hence 6.51*

equals the number corresponding to this logarithm, as found from the

tables, or 6.513= 275.9.

Example 2. Find the value of 12 1 -29
.

log 12= 1.07918

1.29 X 1.07918= 1.39214

Hence, 12 1 -29= 24.67.

The multiplication 1.29 x 1.07918 is carried out in the usual arith-

metical way. The example above is one of a type which cannot be

solved by any means except by the use of logarithms. An expression

of the form 6.513 can be found by arithmetic by multiplying 6.51

X 6.51 X 6.51, but an expression of the form 121 -29 does not permit
of being calculated by any arithmetical method. Logarithms are here

absolutely essential.

One difficulty is met with when raising a number less than 1 to a

given power. The logarithm is then composed of a negative term, the,

characteristic, and a positive term, the mantissa. For example: Find

the value 0.31 3
. The logarithm of 0.31 = T.49136. In this case, multi-

ply, separately, the characteristic and the mantissa by the exponent,

as shown below. Then add the products.

log 0.31 =(1149136V JV^ ^
Multiplying characteristic and mantissa separately by 5 we have:

5 Xl= 5

5 X .49136= 2.45680

log 0.315= 3.45680

Hence, 0.315= 0.002863.

* See MACHINERY'S Reference Series No. 52,, Advanced Shop Arithmetic for
the Machinist, Chapter III.
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If the exponent is not a whole number, the procedure will be some-

what more complicated. The principle of the method, however, re-

mains the same.

Example: Find the value of 0.06 2 - 31

log 0.06= 5.77815

Then
2.31 X" 2= 2.31 X (2) = 4.62

2.31 X 0.77815 = 1.79753

In this case, tire first product, 4.62, is negative both as regards the

whole number and the decimal. In order to make the decimal positive

so that we may be able to add it directly to the second product, 1.79753,

we must use the same rule as given for changing a logarithm with a

positive characteristic to a negative value. Hence 4.62= 5.38. We
can now add the products:

5.38

1.79753

log 0.06 2 - 31 =S.17753

Hence 0.062 -81 = 0.001505.

As a further example, find 0.073 -51
.

log 0.07= 5.84510
Then

3.51 X 5 = 3.51 X (2)= 7.02=3.98

3.51 X .84510 =2.96630

log 0.073 - 51 = 5.94630

Hence 0.073 - 51 =0.00008837.

Extracting- Roots by Logarithms

Roots of numbers, as for example i/O$T, can easily be extracted by
means of logarithms. The small (

5
) in the radical (V) of the root-

sign is called the index of the root. In the case of the square root

the index is (
2
), but it is not usually indicated, the square root being

merely expressed by the sign V.

Any root of a number may be found by dividing its logarithm by
the index of the root; the quotient is the logarithm of the root.

Example 1. Find -^ 276.

log 276= 2.44091

2.44091 -=-3= 0.81364

Hence log f
7~276~= 6.81364, and ^"276"= 6.511.

Example 2. Find -^KiuJTT | j

log 0.67= 1.82607

In this case we cannot divide directly, because we have a negative
characteristic and a positive mantissa. We then proceed as follows: Add
numerically as many negative units or parts of units to the character-

istic as is necessary to make it evenly contain the index of the root.

Then add the same number of positive units or parts of units to the

mantissa. Divide each separately by the index. The quotients give
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the characteristic and mantissa, respectively, of the logarithm of the

root.

Proceeding with the example above according to this rule, we have:

1 + 2 = 3; 3 + 8 = I.

.82607 + 2 = 2.82607; 2.82607 -*- 3 = .94202.

Hence, log f/lK67= T.94202, and ^ 0.67= 0.875.

Example 3. FindV - 2 -

log 0.2= 1.30103.

If we add ( 0.7) to the characteristic of the logarithm found, it

will be evenly divisible by the index of the root.

Hence:
T + (0.7) = 1.7; 1.7-^-1.7= 1.

.30103 + 0.7 = 1.00103 ; 1.00103 -=- 1.7= .58884.

Hence, log /~03 = T.58884, and
l

]
~OJJ = 0.388.

A number of examples of the use of logarithms in the solution of

everyday problems in mechanics, are given in MACHINERY'S Reference

Series No. 19, Use of Formulas in Mechanics, Chapter II, 2nd edition.

When exponents or indices are given in common fractions, it is

usually best to change them to decimal fractions before proceeding
further with the problem.

Interpolation

If the number for which the logarithm is required consists of five

figures, it is possible, by means of the small tables in the right-hand

column of the logarithm tables, headed "P. P." (proportional parts),

to obtain the logarithm more accurately than by taking the nearest

value for four figures, as has previously been done in the examples

given. The method by which the logarithm is then obtained is called

interpolation.

In the same way, if a logarithm is given, the exact value of which
cannot be found in the tables, the number corresponding to the logar-

ithm can be found to five figures by interpolation, although the main
tables contain only numbers of four figures.

The logarithm of 2853 is 3.45530, and the logarithm of 2854 is

3.45545, as found from the tables. Assume that the logarithm of 2853.6

were required. It is evident that the logarithm of this latter number
must have a value between the logarithms of 2853 and 2854. It must
be somewhat greater than the logarithm of the former number, and
somewhat smaller than that of the latter. While the logarithms, in

ceneral, are not proportional to the numbers to which they corres-

pond, the difference is very slight in cases where the increase in the

numbers is small; so that, in the case of an increase from 2853 to 2854,

the logarithms for the decimals 2853.1, 2853.2, etc., may be considered

proportional to the numbers. It is on this basis that the small tables in

the right-hand column headed "P.P." are calculated, and the logarithm
of 2853.6, for example, is found as follows:

Find first the difference between the nearest larger and the nearest

smaller logarithms. Log 2854= 3.45545 and log 2853 = 3.45530. The



METHODS, RULES AND EXAMPLES 15

difference is 0.00015. Then in the small table headed "15" in the right-

hand column find the figure opposite 6 (6 being the last or fifth figure

in the given number). This figure is 9.0. Add this to the mantissa
of the smaller of the two logarithms already found, disregarding the

decimal point in the mantissa, and considering it, for the while being
as a whole number. Then 45530 -f 9.0 = 45539. This is the mantissa
of the logarithm of 2853.6, and the complete logarithm is 3.45539.

Example. Find log 236.24.

Log 236.2 = 2.37328; log 236.3 = 2.37346; difference 0.00018.

In table "18" the proportional part opposite 4 is 7.2. Then 37328 + 7.2

= 37335.2. The decimal 2 is not used, but is dropped. Hence log
236.24 = 2.37335.

If the proportional part to be added has a decimal larger than 5, it

should not be dropped before the figure preceding it has been raised

one unit. For example, if the logarithm of 236.26 had been required,
then the proportional part would have been 10.8 and the mantissa

sought 37328 + 10.8 = 37338.8. Now the decimal 8 cannot be dropped
before the figure 8 preceding it has been raised to 9. Then log
236.26 = 2.37339.

If the number for which the lorgarithm is to be found consists of

more than five figures, find the mantissa for the nearest number of

five figures, but choose the characteristic according to the total num-
ber of figures to the left of the decimal point. For example, if the

logarithm of 626,923 is required, find the mantissa, by interpolation,
for 62692. If the logarithm for 626,928 is required, find the mantissa
for 62693, always remembering to raise the value of the last figure,

if the figure dropped is more than 5. The characteristic in each of

these examples would, of course, be 5, as it is chosen according to the

total number of figures to the left of the decimal point in the given

numbers, which is 6.

To find a number whose logarithm is given more accurately than to

four figures, when the given mantissa cannot be found exactly in the

tables, find the mantissa which is nearest to, but less than the given
mantissa. Subtract this mantissa from the nearest larger mantissa
in the tables and find in the right-hand column the small table headed

by this difference. Then subtract the nearest smaller mantissa from
the given logarithm, and find the difference, exact or approximate, in

the "proportional part" table (in the right-hand column of this

table). The corresponding figure in the left-hand column of the "pro-

portional part" table is the fifth figure in the number sought, the other
four figures being those corresponding to the logarithm next mailer
to the given logarithm.

Example. Find the number whose logarithm is 4.46262.

The mantissa can not be found exactly in the tables; therefore, fol-

lowing the rules just given, we see that the nearest smaller mantissa
in the tables equals 46255. The next larger is 46270. The difference

between them is 15. The difference between the mantissa of the given
logarithm, 46262 and the next smaller mantissa, 46255 is 7. Now, in

the proportional parts table opposite 7.5 in the right-hand column of
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the table headed 15, we find that the fifth figure of the number sought
would be 5. The four first figures are 2901. Hence the number sought

is 29,015.

The following examples, if carefully studied, will give the student

a clear conception of the method of interpolation.

Number Logarithm

52,163 4.71736

26.913 1.42996

0.012635 5.10157

12.375 1.09254

6.9592 0.84256

The student should find for himself, first the logarithms correspond-

ing to the given numbers, and then the numbers corresponding to the

given logarithms. In this way a check on the accuracy of the work
can be obtained by comparing with the results given.

General Remarks

In the system of logarithms tabulated on pages 18 to 35, the base

of the logarithms is 10; that is, the logarithm is actually the exponent
which would be affixed to 10 in order to give the number correspond-

ing to the logarithm. For example log 20 = 1.30103, which is the

same as to say that 10 1 - 30103 = 20. Log 100 = 2, and, of course, we
know that 102 = 100. As 10 1 = 10, the logarithm of 10 = 1. The

logarithm of 1 = 0. The system of logarithms having 10 for its base

is called the Briggs or the common system of logarithms.
"While the accompanying logarithm tables are given to five decimals,

it should be understood that the logarithm of a number can be calcu-

lated with any degree of accuracy, so that large logarithm tables give
the logarithm with as many as seven decimal places, and some, used
for very accurate scientific investigations, give as many as ten deci-

mals. It will be noticed that in the accompanying tables the figure

5, when in the fifth decimal place, is either written 5 or 5. If the

sixth place is 5 or more, the next larger number is used in the fifth

place, and the logarithm is then written in the form 3.90855. The
dash over the 5 shows that the logarithm is less than given. If the

sixth figure is less than 5, the logarithm is written 3.91025, the dot

over the 5 showing that the logarithm is more than given. In calcu-

lations of the type previously explained, this, however, need not be
taken into consideration and these signs should be disregarded by the
student.

Hyperbolic Logarithms

In certain mechanical calculations, notably those involving the calcu-

lation of the mean effective pressure of steam in engine cylinders, use
is made of logarithms having for their base the number 2.7183, com-
monly designated e, and found by abstract mathematical analysis.
These logarithms are termed hyperbolic, Napierian or natural; the

preferable name, and that most commonly in use in the United States
is hyperbolic logarithms. The hyperbolic logarithms are usually desig-
nated "hyp. log." Thus, when log 12 is required, it always refers to
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common logarithms, but when the hyp. log 12 is required, reference

is made to hyperbolic logarithms. Sometimes, the hyperbolic loga-

rithm is also designated "loge
" and "nat. log."

To convert the common logarithms to hyperbolic logarithms, the

former should be multiplied by 2.30258. To convert hyperbolic loga-

rithms to common logarithms, multiply by 0.43429. These multipliers

will be found of value in cases where hyperbolic logarithms are re-

quired in formulas. Hyperbolic logarithms find extensive use in

higher mathematics.

SECTION II

TABLES OF
COMMON LOGARITHMS

1 TO 10,000
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